ELECTRIC ACTUATOR 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an electric actuator 
provided with a ball spline shaft which is movable back and 
forth from an actuator body to the outside, driven by a 
rotary driving source. 
Description of the Related Art: 

Electric actuators have been used, for example, in 
order to transport workpieces or position workpieces. Such 
an electric actuator is provided with a motor, a ball screw 
shaft which is linearly and substantially coaxially 
connected with a drive shaft of the motor by a coupling 
member, and a slider which is displaceable in the axial 
direction by a nut member externally fitted to the ball 
screw shaft. 

In this arrangement, the motor is driven and rotated, 
and the rotary driving force thereof is transmitted to the 
ball screw shaft. Accordingly, the slider is displaced by 
the nut member which is screw-engaged with the ball screw 
shaft. 

However, in the conventional electric actuator, the 
drive shaft of the motor and the ball screw shaft are 
connected linearly and substantially coaxially by the 
coupling member. Therefore, the axial size of the electric 
actuator is obtained by adding the length of the ball screw 



shaft and the length of the drive shaft of the motor. 
Thus, it is impossible to reduce a size of the electric 
actuator in the axial direction. 

In order to shorten the electric actuator in the axial 
direction, the drive shaft of the motor and the ball screw 
shaft are arranged substantially in parallel to one another 
while they are separated from each other by a predetermined 
distance. A gear mechanism having a plurality of gears is 
interposed between the drive shaft of the motor and the 
ball screw shaft to transmit the rotary driving force. 

However, when the rotary driving force of the motor is 
transmitted to the ball screw shaft in this structure, it 
is necessary to establish the concentricity for the gear 
and the nut member which are formed as separate members and 
which are coaxially connected to one another. Therefore, 
the centering alignment operation is complicated. 

SUMMARY OF THE INVENTION 
A general object of the present invention is to 
provide an electric actuator which makes it possible to 
reduce the size in the axial direction and miniaturize the 
entire apparatus and also which makes it possible to 
dispense with the centering alignment operation for a gear 
section of a feed screw nut and assemble the apparatus 
easily. 

According to the present invention, a gear section, in 
which a plurality of teeth are formed circumf erentially , is 



integrally formed on a feed screw nut which is externally 
fitted to a feed screw shaft and which is meshed with a 
gear mechanism. Accordingly, it is unnecessary to perform 
the centering alignment operation, and the apparatus can be 
assembled conveniently. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of 
the present invention is shown by way of illustrative 
example . 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view illustrating an electric 
actuator according to an embodiment of the present 
invention; 

FIG. 2 is a longitudinal sectional view taken in the 
axial direction illustrating the electric actuator shown in 
FIG. 1; 

FIG. 3 is a vertical sectional view taken along a line 
III-III shown in FIG. 2; 

FIG. 4 is a perspective view illustrating the 
application of the electric actuator shown in FIG. 1 to a 
positioning apparatus; 

FIG. 5 is a perspective view illustrating the 
application of the electric actuator shown in FIG. 1 to a 
clamp apparatus; 



FIG. 6 is a partial longitudinal sectional view 
illustrating the application of the electric actuator shown 
in FIG. 1 to another clamp apparatus; 

FIG. 7 is a perspective view illustrating the 
application of the electric actuator shown in FIG. 1 to 
still another clamp apparatus; and 

FIG. 8 is a perspective view illustrating the 
application of the electric actuator shown in FIG. 1 to a 
lift apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
With reference to FIGS. 1 and 2, reference numeral 10 
indicates an electric actuator according to an embodiment 
of the present invention. 

The electric actuator 10 comprises an actuator body 12 
which functions as a main body unit, a ball spline shaft 
(feed screw shaft) 14 which is provided movably back and 
forth toward the outside from one end surface of the 
actuator body 12 , a rotary driving source 16 which is 
arranged substantially in parallel to the axis of the ball 
spline shaft 14, and a gear mechanism 18 (see FIG. 2) which 
transmits the rotary driving force of the rotary driving 
source 16 to the ball spline shaft 14. 

The actuator body 12 includes a cushion mechanism 28 
which has closed cushion chambers 26a, 26b formed therein 
by connecting a tube member 24 between a rod cover 20 
disposed on one end and a head cover 22 disposed on the 



other end. Seal members 30b, 30a for air- tightness are 
installed to connecting portions between the tube member 24 
and the rod cover 20, and the tube member 24 and the head 
cover 22, respectively. 

As shown in FIG. 2, the cushion mechanism 28 includes 
a piston 32 and a pair of collar members 34a, 34b. The 
piston 32 is connected to one end of the ball spline shaft 
14, and is displaceable together with the ball spline shaft 
14. The piston 32 is slidable along the inner wall surface 
of the tube member 24. The pair of collar members 34a, 34b 
fix the ball spline shaft 14 to the piston 32 by supporting 
both sides of the piston. 

As shown in FIG. 3, the outer circumferential surface 
of the piston 32 is formed so that the piston 32 is a 
substantially hexagonal cross-sectional shape. The piston 
32 slides along the inner wall surface of the tube member 
24 having the shape corresponding to the cross -sectional 
shape of the piston 32. Accordingly, the rotation of the 
piston 32 is prevented. 

Holes 36a, 36b are formed in the head cover 22 and the 
rod cover 20, respectively. The collar members 34a, 34b 
are capable of entering holes 36a, 36b, respectively, when 
the piston 32 and the ball spline shaft 14 are displaced. 
Cushion packings 40 are installed to the holes 36a, 36b for 
sealing, by surrounding large diameter sections 38 of the 
collar members 34a, 34b. 

A piston packing 42 having a substantially hexagonal 



cross-sectional shape is installed to an annular groove 
formed on the outer circumferential surface of the piston 
32. The piston packing 42 separates one cushion chamber 
26a from the other cushion chamber 26b. 

The actuator body 12 has a rectangular parallelepiped- 
shaped connecting block 44 which is connected to the rod 
cover 20. A cover plate 48 is connected to one side 
surface of the connecting block 44. The cover plate 48 has 
a hole 46, and the ball spline shaft 14 is inserted through 
the hole 46. 

First and second communication passages 50a, 50b are 
formed in the head cover 22 and the rod cover 20. The 
cushion chamber 26a communicates with the atmospheric air 
through the first communication passages 50a, while the 
cushion chamber 26b communicates with the atmospheric air 
through the second communication passages 50b. First and 
second cushion valves 52a, 52b, are arranged at 
intermediate positions of the first and second 
communication passages 50a, 50b respectively for adjusting 
the flow rates of the air to be discharged to the 
atmospheric air through the first and second communication 
passages 50a, 50b, respectively. 

In this arrangement, the screwing amounts of screw 
portions of the first and second cushion valves 52a, 52b 
into screw holes of the head cover 22 and the rod cover 20 
are increased to appropriately set the cross -sectional 
areas of the first and second communication passages 50a, 



50b. Accordingly, the flow rates of the air to be 
discharged to the atmospheric air through the first and 
second communication passages 50a, 50b are throttled. 
Thus, it is possible to obtain the desired air cushion 
force in the vicinity of the end of displacement of the 
piston 32. 

A chamber 54 is formed in the connecting block 44, and 
penetrates in the axial direction of the ball spline shaft 
14. A ball spline mechanism (feed screw mechanism) 56 is 
arranged in the chamber 54. The ball spline mechanism 56 
includes a ball spline shaft 14, a cylindrical ball spline 
nut (feed screw nut) 58, first and second bearings 60a, 
60b, and a plurality of balls 62. The ball spline shaft 14 
is provided movably back and forth toward the outside 
through the hole 46 of the cover plate 48. The cylindrical 
ball spline nut 58 surrounds a part of the outer 
circumferential surface of the ball spline shaft 14. The 
first and second bearings 60a, 60b are arranged at one end 
and the other end of the ball spline nut 58, respectively, 
and rotatably support the ball spline nut 58. The 
plurality of balls 62 roll along ball-rolling grooves 
formed on the ball spline shaft 14 and the ball spline nut 
58. 

A bearing-holding member 64 is provided in the 
vicinity of the first bearing 60a, and is fitted to the end 
of the ball spline nut 58. The rotation-preventive 
function is effected for the bearing-holding member 64 by 



the a pin member 66. An annular projection 68 is 
integrally formed at a central portion of the outer 
circumferential surface of the ball spline nut 58 which is 
formed to be cylindrical. A gear section 70 is provided on 
the circumferential surface of the annular projection 68, 
and has a plurality of teeth formed continuously and 
circumf erent ially . 

The rotary driving source 16 has a holder 72. One end 
of the holder 72 is fastened to the connecting block 44 by 
unillustrated screw members. The rotary driving source 16 
has a rotary driving shaft 74 which is arranged 
substantially in parallel to the axis of the ball spline 
shaft 14. A first gear 76 is coaxially connected to the 
rotary driving shaft 74. A second gear 78 is rotatably 
supported by a pin member '80 between the first gear 76 and 
the ball spline shaft 14. The second gear 78 has teeth 78a 
to be meshed with the teeth 76a of the first gear 76 and 
also meshed with the gear section 70 of the ball spline nut 
58. 

A third bearing 60c is arranged between the pin member 
80 and the second gear 78. The second gear 78 is rotatably 
retained by the third bearing 60c. One end of the pin 
member 80 is axially attached to a hole which is formed on 
the connecting block 44. The other end of the pin member 
80 is axially attached to a bearing block 82 which is fixed 
to the connecting block 44 by screw members. 

The electric actuator 10 according to the embodiment 



of the present invention is basically constructed as 
described above. Next, its operation, function, and effect 
will be explained. 

FIG. 4 shows a workpiece-positioning apparatus 83 to 
which the electric actuator 10 according to the embodiment 
of the present invention is applied. An explanation will 
be made about the operation in which a stopper pin 90 is 
inserted into a positioning hole 88 of a workpiece 86 
transported in the direction of the arrow A on a transport 
passage 84. Then, the workpiece 86 is stopped, so that the 
workpiece 86 is positioned at a predetermined position on 
the transport passage 84. 

The stopper pin 90 having a tapered surface is 
connected to one exposed end of the ball spline shaft 14. 
The electric actuator 10 is fixed on the lower side of the 
transport passage 84 by an unillustrated fixing means. The 
following explanation will be made assuming that the 
initial position is defined when the piston 32 is disposed 
on the side of the head cover 22. 

At the initial position, an unillustrated power source 
is energized to drive and rotate the rotary driving source 
16. The first gear 76 connected to the rotary driving 
shaft 74 of the rotary driving source 16 is rotated about 
the rotation center of the rotary driving shaft 74. The 
second gear 78 meshed with the first gear 76 is rotated in 
a direction opposite to the direction of the first gear 76. 

The second gear 78 is rot at ably supported by the pin 



member 80, and is meshed with the gear section 70. The 
gear section 70 is integrally formed on the outer 
circumferential surface of the ball spline nut 58. The 
gear section 70 is rotated integrally with the ball spline 
nut 58. When the ball spline nut 58 rotatably supported by 
the first and second bearings 60a, 60b is rotated, the ball 
spline shaft 14 is moved upwardly by the rotation of the 
plurality of balls 62. Therefore, the piston 32 connected 
to the lower portion of the ball spline shaft 14 is also 
moved upwardly together with the ball spline shaft 14. 

When the ball spline shaft 14 is moved upwardly, the 
piston 32 slides along the inner wall surface of the tube 
member 24 to guide the ball spline shaft 14 in the linear 
direction (guiding function) and to prevent the piston 32 
from rotating (rotation-prevention function) (see FIG. 3). 

The upwardly moving ball spline shaft 14 penetrates 
through the transport passage 84, and the stopper pin 90 on 
one end of the ball spline shaft 14 is inserted into the 
positioning hole 88 which is formed on the bottom surface 
of the workpiece 86. Accordingly, the workpiece 86 is 
stopped, and the workpiece 86 is positioned at the 
predetermined position. 

The cushion valve 52b throttles the flow rate of the 
air to be discharged to the outside from the upper cushion 
chamber 26b by the cushion mechanism 28 when the piston 32 
arrives at one end of the displacement. Accordingly, shock 
is absorbed (buffering function) when the piston 32 arrives 
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at the one end of the displacement. 

When the polarity of the current supplied to the 
rotary driving source 16 is reversed to the above, then the 
rotary driving shaft 74 is rotated in a direction opposite 
to the above, and the ball spline shaft 14 and the piston 
32 are moved downwardly together to be restored to the 
initial position. 

When restored to the initial position, the cushion 
valve 52a throttles the flow rate of the air discharged to 
the outside from the lower cushion chamber 26a by the 
cushion mechanism 28. Accordingly, shock is absorbed 
(buffering function) when the piston 32 arrives at the 
other end of the displacement . 

Next, FIG. 5 shows that the electric actuator 10 
according to the embodiment of the present invention is 
applied to a clamp apparatus 92. The clamp apparatus 92 
includes a clamp stand 98 on which a clamp plate 94 is 
connected to one end of the ball spline shaft 14. The 
clamp apparatus 92 has a clamp section 96 formed for 
supporting an unillustrated workpiece by the displacement 
of the clamp plate 94. 

The ball spline shaft 14 can be displaced toward the 
clamp section 96 under the driving action of the rotary 
driving source 16 to support or interpose the unillustrated 
workpiece between the clamp section 96 and the clamp plate 
94 which is connected to one end of the ball spline shaft 
14. 
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In the electric actuator 10 according to the 
embodiment of the present invention, the gear mechanism 18 
functions between the rotary driving source 16 and the ball 
spline shaft 14, and the plurality of teeth are formed on 
the annular projection 68 formed on the outer 
circumferential surface of the ball spline nut 58 so that 
the gear section 70 is provided integrally with the ball 
spline nut 58. Accordingly, it is unnecessary to perform 
the centering alignment operation for establishing the 
concentricity between the ball spline nut 58 and the gear 
section 70. 

Therefore, in the embodiment of the present invention, 
the assembling can be conveniently performed, because it is 
unnecessary to perform the centering alignment operation. 
Further, it is possible to reduce production cost. 

Next, FIG. 6 shows that the electric actuator 10 
according to the embodiment of the present invention is 
applied to another clamp apparatus 100. 

The clamp apparatus 100 comprises a clamp body 102, 
and an arm 106 which is connected to bearing sections 104 
having a rectangular cross -sectional shape protruding to 
the outside through a pair of substantially circular 
openings (not shown) formed through the clamp body 102. 

The clamp body 102 is constructed by integrally 
assembling a first casing 108 and an unillustrated second 
casing. A chamber 110 is defined in the clamp body 102 by 
recesses formed on the first casing 108 and the second 
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casing. The free end of the ball spline shaft 14 faces the 
chamber 110. 

A toggle link mechanism 114 is provided at the free 
end of the ball spline shaft 14 for converting the 
rectilinear motion of the ball spline shaft 14 into the 
rotary motion of the arm 106 by a knuckle joint 112. 

The toggle link mechanism 114 includes a link plate 
118 which is connected to the knuckle joint 112 by a first 
pin member 116, and a support lever 120 which is rotatably 
supported by a pair of substantially circular openings 
formed in the first casing 108 and the second casing. 

The link plate 118 is interposed between the knuckle 
joint 112 and the support lever 120, and it links the 
knuckle joint 112 with the support lever 120. 

The support lever 120 is connected to the link plate 
118 by a second pin member 121. The support lever 120 has 
the bearing sections 104 having rectangular cross -sectional 
shapes which are formed to protrude in the direction 
substantially perpendicular to the axis of the ball spline 
shaft 14 (direction substantially perpendicular to the 
plane of the figure). The bearing sections 104 are exposed 
from the clamp body 102 through the unillustrated openings. 

Recesses 122 having circular arc- shaped cross sections 
are formed on the upper side of the inner wall surfaces of 
the first casing 108 and the second casing of the clamp 
body 102. A guide roller 126 is provided in the recesses 
122, and the guide roller 126 is rotatable by a 
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predetermined angle in contact with a curved surface 124 of 
the link plate 118. A pin member 128 is secured to holes 
which are formed on the first casing 108 and the second 
casing, for rotatably supporting the guide roller 126. A 
plurality of needle bearings (not shown) are installed to a 
through-hole of the guide roller 126 circumf erentially . 
The guide roller 126 smoothly rotates under the rolling 
action of the needle bearings. 

A position-detecting mechanism 129 is provided for the 
first casing 108 and the second casing, for detecting the 
displacement of the ball spline shaft 14. The position- 
detecting mechanism 129 includes a detected element 132 
which is displaceable together with the ball spline shaft 
14 by an attachment fixture 130, and a pair of detection 
elements (not shown) which are installed to a casing 134 
and which are spaced from each other by a predetermined 
distance. 

In this arrangement, the rectilinear motion of the 
spline shaft 14 by the rotary driving force of the rotary 
driving source 16 is transmitted via the knuckle joint 112 
to the toggle link mechanism 114. The linear motion is 
converted into the rotary motion of the arm 106 under the 
rotary action of the support lever 120 of the toggle link 
mechanism 114. 

That is, the rectilinear motion (upward movement) of 
the ball spline shaft 14 causes force to press the knuckle 
joint 112 and the link plate 118 upwardly. The pressing 
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force exerted on the link plate 118 rotates the link plate 
118 by a predetermined angle about the support point of the 
first pin member 116. Further, the support lever 120 is 
rotated by linking relationship with the link plate 118. 

Therefore, the arm 106 is rotated counterclockwise by 
a predetermined angle about the fulcrum of the bearing 
sections 104 of the support lever 120. 

When the arm 106 is rotated counterclockwise as 
described above, the curved surface 124 of the link plate 
118 contacts the guide roller 126. The guide roller 126 is 
rotated about the center of the pin member 128 keeping in 
contact with the curved surface 124. 

The arm 106 is further rotated to abut against an 
unillustrated workpiece. Accordingly, the rotation action 
of the arm 106 is stopped. As a result, the workpiece is 
clamped by the arm 106 (clamp state). 

Subsequently, when the arm 106 is separated from the 
workpiece to release the workpiece from the clamp state, 
the polarity of the current supplied to the rotary driving 
source 16 is reversed to the above to move the ball spline 
shaft 14 downwardly. Accordingly, the arm 106 is rotated 
clockwise, and restored to the initial position . 

Next, FIG. 7 shows that the electric actuator 10 
according to the embodiment of the present invention is 
applied to still another clamp apparatus 150. 

In the clamp apparatus 150, one end of a connecting 
member 152 is connected to one end of the ball spline shaft 
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14 by a connecting bolt 154. A cylindrical shaft 156 is 
connected substantially in parallel to the ball spline 
shaft 14 on the other end of the connecting member 152, A 
gripping member 158 is connected to the lower end of the 
shaft 156 , which abuts against a workpiece in clamping the 
unillustrated workpiece. 

The ball spline shaft 14 is displaced in the direction 
(direction of the arrow B) toward the cover plate 48 when 
driven by the rotary driving source 16 , causing the clamp 
state in which the unillustrated workpiece is clamped by 
the gripping member 158 of the shaft 156 connected to the 
connecting member 152 (see two-dot chain lines in FIG. 7). 

When the gripping member 158 is separated from the 
workpiece to release the workpiece from the clamp state, 
the polarity of the current supplied to the rotary driving 
source 16 is reversed to the above to displace the ball 
spline shaft 14 upwardly. Accordingly, the gripping member 
158 is separated from the workpiece together with the shaft 
156. 

Next, FIG. 8 shows a state in which the electric 
actuator 10 according to the embodiment of the present 
invention is applied to a lift apparatus 200. 

In the lift apparatus 200, a substantially rectangular 
table plate 202 is integrally connected to one end of the 
ball spline shaft 14 by a connecting bolt 204a. A guide 
shaft 206 is connected to the table plate 202. The guide 
shaft 206 is substantially in parallel to the ball spline 
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shaft 14 while being spaced from the ball spline shaft 14 
by a predetermined distance. The guide shaft 206 is 
connected to the table plate 202 by a connecting bolt 204b. 

The lower end of the guide shaft 206 is inserted into 
a guide hole 210 of a guide member 208 which is installed 
to the side surface of the connecting block 44. The guide 
shaft 206 is supported in the axial direction by the guide 
hole 210. 

The ball spline shaft 14 is displaced in the direction 
(direction of the arrow C) to separate from the cover plate 
48 when driven by the rotary driving source 16. An 
unillustrated workpiece placed on the table plate 202 
connected to the ball spline shaft 14 can be transported to 
a predetermined upward position. During this operation, 
the table plate 202 can be correctly displaced in the axial 
direction under the guiding action of the guide shaft 206 
which is moved along the guide hole 210. 

As described above, by the electric actuator 10 
according to the embodiment of the present invention, it is 
possible to construct the clamp apparatuses 92, 100, 150 
and the lift apparatus 200 easily. Further, it is possible 
to miniaturize the entire apparatus by reducing the size in 
the axial direction of each of the clamp apparatuses 92, 
100, 150 and the lift apparatus 200. 

While the invention has been particularly shown and 
described with reference to preferred embodiments, it will 
be understood that variations and modifications can be 
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effected thereto by those skilled in the art without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 
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